Background and Purpose-Cerebral white matter lesions (WMLs), a surrogate for small-vessel disease, are common in patients with stroke and may be related to an increased intracranial bleeding risk after intravenous thrombolysis in acute ischemic stroke. We aimed to investigate the risk of symptomatic intracerebral hemorrhage (sICH) in the presence of WMLs in a large cohort of ischemic stroke patients treated with intravenous thrombolysis. 
I
ntravenous thrombolysis (IVT) remains an effective firstline medical treatment of acute ischemic stroke within a 4.5-hour time window. 1 The official product license, local institutional protocols, and professional guidelines recognize several contraindications for IVT, most of them being related to an increased risk of symptomatic intracerebral hemorrhage (sICH). [2] [3] [4] However, study protocols of the pivotal IVT trials had strict inclusion and exclusion criteria, which make the generalizability of the IVT contraindications to populations outside the trials difficult. Indeed, IVT has been successfully administered to individual patients as off-label treatment. 2, 3 Cerebral white matter lesions (WMLs) are a surrogate marker for small-vessel disease and, in turn, 1 manifestation of small-vessel disease is intracerebral hemorrhage. 5 Because of increased bleeding risk, WMLs are considered a relative, but not an absolute, contraindication for thrombolysis. 6, 7 Yet, the attributable risk of WMLs to the risk of sICH in ischemic stroke patients treated with IVT in the general population is uncertain, 6 and major guidelines for treating acute ischemic stroke lack a statement on WMLs about IVT. 1, 8 Considering the modest patient numbers and conflicting results in previous studies, we aimed to investigate the risk for sICH in the presence of WMLs in a large single-center cohort of ischemic stroke patients treated with IVT.
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Central Hospital, which is the only comprehensive stroke center in the region of Helsinki, Finland, serving a population of 1.7 million. 2 Ethical review for retrospective analysis of data collected prospectively as part of routine clinical care is not required at our institution. Informed consent was obtained from all patients (or next of kin) treated in a trial setting in the period 2001 to 2002; thereafter, IVT for acute ischemic stroke became a routine treatment, and no consent was required.
Patients were treated based on our department's written guidelines for acute stroke, which are updated biannually and any time when new scientific evidence becomes available. 2 Pretreatment National Institutes of Health Stroke Scale scores were assessed by a certified and video-trained stroke neurologist. The baseline data on hypertension, diabetes mellitus, atrial fibrillation, hyperlipidemia, coronary artery disease, and congestive heart failure refer to the condition before the index stroke.
Admission head scans before IVT were available for the whole cohort (3 magnetic resonance imaging and 2482 computed tomography [CT]), and only CT-scanned patients were included. Before administration of IVT, a stroke neurologist and a radiologist interpreted brain CT scans, focusing on exclusion of other causes, presence of early infarct signs, and presence of a hyperdense cerebral artery sign. A follow-up scan was routinely performed at 24 hours post IVT either with CT or magnetic resonance imaging. Furthermore, a CT scan was done whenever a hemorrhage was suspected. 9 Occurrence of bleeding after thrombolysis was considered as symptomatic (sICH) applying the European Cooperative Acute Stroke Study II (ECASS-II) criteria for sICH. 9, 10 Remote parenchymal hemorrhage was defined as hemorrhages that appear in brain regions without visible ischemic damage, remote from the area of ischemia causing the initial stroke symptoms. 11 Adjudication of sICH was performed by experienced stroke neurologists independently from the WML evaluation.
For a previous study of the same cohort, a literature review was performed to identify existing CT visual rating scales for WMLs. 12 Six previously used CT visual rating scales had been identified. We found that the rating scale of Rezek with scores from 0 to 180 was inappropriate for use in acute settings of IVT candidates. 13 The van Swieten scale has been used before in a modified version scoring both hemispheres separately. The modified van Swieten scale was initially calculated for this publication but was omitted because the results were redundant to the original van Swieten scale. 12, 14, 15 The 4 previously published CT visual rating scales for WMLs were scored by 8 experienced stroke neurologists from all baseline CT head scans in a blinded fashion without knowledge of patients' clinical data or outcome as previously described 12 : the Gorter scale, 16 the van Swieten scale, 17 the Blennow rating scale, 18 and the Wahlund rating scale. 19 The interclass correlation of raters (50 patients were rated by all 8 raters independently) indicated at least substantial agreement (defined as 0.61-0.80) for all 4 CT visual rating scales for WMLs as previously described. 12 Almost perfect agreement was reached for the van Swieten and the Blennow scores. In addition, the Wahlund score reached almost perfect agreement at frontal and parieto-occipital sites, but only fair agreement (defined as 0.21-0.40) for the other sites 12 ; therefore, the score was truncated to frontal and parietooccipital scores.
Statistical Analyses
The associations of sICH with nominal, ordinal, and continuous variables were analyzed in a univariate binary regression model. To investigate whether WMLs were independently associated with sICH, we first constructed a multivariate model based on the predictors of sICH known from our cohort. 9 To confirm the effect of WMLs, a second multivariate logistic regression model was constructed from the differences in baseline characteristics between patients with and without sICH (P<0.10 in univariate analyses). The visual WML rating scores were separately added to each model as continuous variables and as dichotomized ones with different cutoffs. Results are expressed as adjusted odds ratios (ORs) and corresponding 95% confidence intervals (CIs). For all other analyses, statistical significance was set at P<0.05.
All statistical analyses were performed with SPSS Statistics 22 for Linux (IBM Corp, Armonk, NY).
Results
In the whole cohort of 2481 patients, we observed 124 sICHs (5.0%). Because of death before follow-up imaging and no autopsy, sICH data were missing for 4 patients. Baseline characteristics of the study population and their association with sICH after thrombolysis are reported in Tables 1 and I in the online-only Data Supplement. Additional endovascular treatment after IVT was performed in 153 patients (6.2%).
In univariate analyses, all tested visual WML rating scales as continuous variables, and as well as dichotomized at different cutoff points, were associated with increased risk of sICH ( Table 2 ). We found the highest binary association (OR, 2.70; 95% CI, 1.87-3.90) with the Wahlund scale for any of the 4 site scores being >1, reflecting at least moderate focal WMLs. Other factors associated with sICH in univariate analyses were age, onset-to-treatment time, National Institutes of Health Stroke Scale before thrombolysis, hyperdense artery sign, early infarct signs, glucose level on admission, use of statins, atrial fibrillation, and diabetes mellitus.
In both multivariate models, all 4 visual WML rating scales as continuous variables, and as well as dichotomized at different cutoff points, were associated with increased rates of sICH (Table 3) , parenchymal hemorrhage, and remote parenchymal hemorrhage (Table II in the online-only Data Supplement). However, age, diabetes mellitus, and hypertension did not remain independent predictors after adjustment.
After adjusting for confounders, the statistically strongest association emerged for the Wahlund scale for any of the 4 site scores >1 (OR, 2.64; 95% CI, 1.71-4.02). The OR for all dichotomized scores was in the range of 2.06 to 2.64, except for any WMLs on the truncated Wahlund score (OR, 1.72; 95% CI, 1.12-2.64). In multivariate models including the raw WML rating score points as categorical variables, the Blennow score of 5 had the highest association with sICH (OR, 3.59; 95% CI, 1.72-7.50). Excluding patients with basilar artery occlusion, additional endovascular procedures, or both of those, did not affect our main results (data not shown). The main results were not affected if including only patients with >75 years of age. Sensitivity analyses were performed by splitting the cohort at a cutoff date on December 2009 resulting in 2 cohorts with 1242 and 1243 patients, respectively. Results of this analyses were in line with the primary analyses (data not shown). When analyzing the Wahlund score >1 as a test for prediction of sICH, we got a sensitivity of 44%, a specificity of 77%, and a positive predictive value of 9%. Accordingly, for a Blennow score of >4, we got a sensitivity of 19%, a specificity of 91%, and a positive predictive value of 10%.
The rate of remote parenchymal hemorrhage for high load of WMLs (Blennow score, >4) was 10.6% (Table II in the online-only Data Supplement).The multivariable-adjusted OR for the association of high load of WMLs (Blennow score, >4) with remote parenchymal hemorrhage was 4.11 (95% CI, 2.38-7.10; Table II in the online-only Data Supplement).
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Discussion
In the present cohort of ischemic stroke patients treated with IVT, WMLs visible on baseline noncontrast CT scans were associated with more than a doubled risk of sICH compared with patients without WMLs. The sICH rate of 5.0% in our cohort (where 1≥ license contraindications to IVT was present in >50% of the patients) 2 is comparable with 5.3% in the ECASS III trial (ECASS II criteria for sICH) 20 or the mean of 5.6% of several cohorts. 21 The amount of WMLs increases with age, and in literature, WMLs are frequently refferet to as age-related WMLs. 19 Some scores to estimate the risk of sICH before IVT include patient's age as a predictor 22 ; however, our findings suggest that WMLs reflect better the individual bleeding risk than the patient's age. Hence, this study confirms previous findings stating that age is not a contraindication for IVT treatment in fear of sICH. [23] [24] [25] [26] The association of total National Institutes of Health Stroke Scale score, glucose on admission, early infarct signs, and hyperdense artery signs with sICH is not surprising, well documented, and in line with previous studies. 9, 22 Statin use has previously been identified as a risk factor for sICH in a meta-analysis. 27 The ORs for the factors associated with sICH in this study were similar to those of the meta-analysis. 27 In univariate and multivariate models, all used WML visual rating scales showed association of WMLs with increased sICH rates. The ORs and CIs of all tested variables were stable and concordant over the whole analyzed ranges, confirming that the current cohort is sufficiently powered for reassuring the association between WMLs and sICH.
In WML scores with >3 grading states, the OR of the score indicating most severe WMLs tended to be lower than the second highest score. However, one would expect a continuous increase of sICH with an increasing load of WMLs. A possible explanation for this observation is selection bias as the treating 
Curtze et al White Matter Lesions and Thrombolysis 5
physicians tend to withhold thrombolysis treatment in patients with severe WMLs if additional relative contraindications for thrombolysis exist. Our department's guidelines from the beginning of thrombolysis treatment have stated severe microangiopathy to be a relative contraindication for thrombolysis, although there is no evidence for WMLs being a contraindication for IVT, and this is not mentioned in the guidelines for the early management of patients with acute ischemic stroke. 1, 6, 8 For clinical use in CT-imaged patients with acute stroke our study supports the use of the Wahlund score with a cutoff of more than focal lesions at any frontal or parieto-occipital site (Wahlund any site score, >1).
Our findings indicate that the presence of moderate-tosevere WMLs on admission CT in patients, otherwise eligible for IVT treatment, has at least double the risk of sICH (9% to 10% risk instead of 5%), regardless of the used visual rating scale to evaluate the WMLs. Although 2 retrospective multicenter studies found a similar association (OR, 4.4; CI, 1.49-13.01 7 and OR, 2.7; CI, 1.1-6.5 15 ), 5 studies showed CI indicates confidence interval; OR, odd ratio; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue-type plasminogen activator; and WML, white matter lesion. *Covariates are given only for the model including Wahlund with any site score >1.
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August 2015 nonsignificant trends, [28] [29] [30] [31] [32] and 1 study could not show any increase in bleeding rates. 33 The ORs from this study are in line with the previous estimated OR of 2.45 from a meta-analysis of 6 studies. 27 However, in the meta-analysis, the severity of the WMLs and the used visual rating scale to evaluate them are not further elaborated.
One of the limitations of our study is that an magnetic resonance imaging cohort would have delivered more precise data on mild WMLs compared with CT scans. 19, [34] [35] [36] [37] One previous magnetic resonance imaging study found periventircular WMLs, but not deep WMLs, to be predictive for parenchymal hematoma. 34 However, in our cohort, low scores on ordinal scales indicate that mild WMLs were not significantly associated with sICH, suggesting that CT modality is sufficient to determine the clinically relevant amount of WMLs translating into increased post-IVT sICH rates, regardless of the used visual rating scale. Noncontrast CT scan of the brain is still the universally dominant imaging modality in selecting thrombolysis candidates. Strengths of our study include being the largest cohort investigating WMLs in thrombolyzed patients up to date, including all consecutive patients treated, and that 4 different WML visual rating scales were evaluated. Our study lacks a non-IVT treated cohort of patients with ischemic stroke. Therefore, no conclusions can be drawn on how WMLs alter the effect of IVT treatment. WMLs contribute, among other factors, to the sICH risk. However, the use of any WML cutoff as a strict exclusion criteria for IVT has a low sensitivity at the cost of excluding a high percentage of patients from IVT treatment. Therefore, WML rating alone should not guide treatment decisions. As WMLs were associated with higher baseline National Institutes of Health Stroke Scale scores, another contributing mechanism for our results could be that WMLs are associated with larger initial infarct volumes translating into higher sICH rates. 38, 39 Our finding showing that the highest statistical association was found between high loads of WML with remote parenchymal hemorrhage supports the concept of small-vessel diseases, pathology of which causes both ischemic and bleeding lesions.
5
Conclusions
To conclude, WMLs visible on admission CT scan were associated with a more than doubled risk of sICH in our stroke patients treated with IVT.
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SUPPLEMENTAL MATERIAL
White matter lesions double risk of post-thrombolytic intracerebral hemorrhage Table II Different visual rating scales for cerebral white matter lesions (WMLs) and their association with parenchymal hemorrhage and remote parenchymal hemorrhage after thrombolysis for ischemic stroke. Multivariate binary logistic regression with odds ratio (OR) and the 95% confidence interval (CI), adjusted for age categories (≤ 75 and > 75 years), baseline NIH Stroke Scale, hyper-dense artery sign on admission imaging, early infarct signs on admission imaging, and glucose on admission categories ( < 8.1, 8.2-12.0, and >12.0 mmol/L). Dichotomized scores are paired in gray color, the first was used as reference category in multivariate models. In categorical multivariate models (blue color) the lowest WML load was used as reference category. Multivariate models with WMLs scales as ordinal covariates are displayed in single lines (white color). Parenchymal hemorrhage originating in cerebral infarcts were classified as PH1, if size was <30% of the infarct area, with some mild, local, space-occupying effect, and as PH2 if, the size was >30% of the infarct area, with substantial space-occupying effect. Hemorrhages that appear in brain regions without visible ischemic damage, remote from the area of ischemia causing the initial stroke symptoms were classified as remote PH (rPH). (1) Results: In the multivariate models, all four visual WML rating scales as dichotomized at different cut-off points, were associated with increased rates of intracranial bleedings (PH1, PH2, or rPH). When cutting down to single WML categories or distinct bleeding categories (PH1, PH2), the cohort lacks power in some of the subgroups.
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